Background and Objectives: Rheumatoid arthritis (RA) is an inflammatory autoimmune disease characterized by swelling, stiffness and pain in body joints. Based on the epidemiological studies, RA is less severe in Southern Mediterranean regions, where fish, olive oil, fruits and vegetables are consumed in great quantities.
Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disorder characterized by swelling, stiffness and pain in body joints (1) . Prevalence of RA is approximately 1% worldwide (2) and 0.37% in Iran (3) . The disease is more common in women than men (4) . Like other autoimmune diseases, the exact cause of RA is unknown; however, genetic factors, female hormones, smoking, oxidative stress, obesity and environmental contaminants may contribute to pathogenesis of the disease (5) . Roles of diets in prevention and treatment of RA have been less noticed (6) . Based on the epidemiological studies, RA is less severe in Southern Mediterranean countries such as Italy and Greece, where fishes, olive oils, fruits and vegetables are consumed in relatively high quantities (7) . Furthermore, a meta-analysis of few available prospective studies showed the beneficial effects of healthy diets in decreasing pains and increasing physical functions of RA patients (8) . It has been reported that durations of morning stiffness and disability and C-reactive protein concentrations in RA patients are inversely correlated with healthy eating indices (9, 10) . Fibers and whole grains, fruits, fishes and ω-3-fatty acids are the most efficacious compounds in treatment of RA (11, 12) . However, a cross-sectional study showed that most RA patients did not follow dietary recommendations of fruits, vegetables and whole grains and did not sufficiently restricted sodium and empty calories (9) . Compared to components of healthy diets, associations between the RA and constituents of unhealthy diets (diets low in fruits and vegetables and high in saturated fats, sugar-sweetened snacks and salts) have been investigated less. In particular, no studies have assessed Western dietary patterns in RA patients. Moreover, most studies have investigated individual dietary components rather than the whole diets (11) . Dietary patterns are defined as "the quantity, variety or combination of different foods and beverages in a diet and the frequency with which they are habitually consumed" (13) . In fact, dietary patterns are useful tools for investigating possible links between the diets and chronic diseases because these patterns provide comprehensive views of food and nutrient consumptions (14) . The aims of the current study included assessment of dietary patterns in RA patients and comparison of these dietary patterns with those of healthy age, gender and BMI-matched individuals.
Materials and Methods
Study design and participants. This study was a cross-sectional study with case-control design. The sample size was calculated based on a hypothetical odds ratio of 0.41 (15) , a power of 80%, a two-sided confidence interval of 5% and a case/control sample ratio of 1. Totally, 100 RA patients (case group) and 100 age, gender and body mass index (BMI) matched healthy individuals (control group) were participated in the study. The patients were selected from a rheumatology clinic of Shiraz University of Medical Sciences, Shiraz, Iran. Inclusion criteria included diagnosis of RA by a rheumatologist based on 2010 Rheumatoid Arthritis Classification Criteria (16) , absence of other pathological conditions such as diabetes mellitus, hepatic disorders, thyroid abnormalities, cancers, food allergies and nutritional deficiencies, absence of adherence to specific diets and consumption of dietary supplements. Exclusion criteria included incomplete answers to food frequency questionnaires (FFQ) by the participants and extreme energy intake reporters (women reporting energy intake less than 600 or higher than 3500 kcal day -1 and men with energy intake less than 800 or higher than 4200 kcal day -1 ) (17) . Control participants were selected from healthy individuals who attended the clinic with the patients as companions. All participants were signed written informed consents. The study was carried out based on the guidelines of the Ethics Committee of Shiraz University of Medical Sciences (approval no. 95-01-84-12050).
Measurements.
Anthropometric parameters, including height, weight and waist circumference, were measured and BMI was calculated as described previously (18) . Physical activity was measured as metabolic equivalent task (Met-min week -1 ) using validated international physical activity questionnaires (19) . Participants were asked about the time spent in sitting position. A participant was considered as current smoker if he/she smoked at least 100 cigarettes in his/her lifetime or was smoker at the time of the interview (20) . Diet assessment. An expert dietitian carried out dietary assessments using validated 160-item semiquantitative FFQ (21) . The FFQ included foods with serving sizes commonly consumed by Iranians. Participants were asked to report the frequency of consumption of each food item in stated portion sizes during the previous year on a daily, weekly or monthly basis. Then, portion sizes were converted to grams, using household scales. Nutrient compositions of the consumed foods were analyzed using a modified Nutritionist IV v.3.5.2. Statistical analysis. Food items within the FFQ were divided into 20 groups based on the similarity of their nutrient profiles. Dietary patterns were detected using principal component factor analysis with varimax rotation on the 20 food groups. Two dietary patterns were selected based on various criteria, including eigenvalues greater than 1, rotated factor loading greater than 0.3 and a clear inflection in scree plot. The factor score for each pattern was calculated using the sum of all food groups weighted by their factor loadings. Factor scores of the individuals for adherence to each dietary pattern were calculated using Bartlett method. In each dietary pattern, higher Bartlett scores showed greater adherences while lower scores demonstrated lower adherences. Data were analyzed using SPSS Software v.21 (IBM Analytics, USA). Demographic and anthropometric data, blood pressure and dietary intakes were compared with each other between the case (RA patients) and control (healthy individuals) groups using independent t-test. Associations between the participant adherence to dietary patterns and risk of RA were reported using Downloaded from nfsr.sbmu.ac.ir at 0:31 +0430 on Friday August 23rd 2019 logistic regression. In unadjusted models, no covariates were entered in the models; however, adjustments were carried out using age and gender in Model 1, age, gender, education level, marital status, income, physical activity, smoking and BMI in Model 2 and previous parameters as well as vitamin E, saturated fatty acids (SFA) and polyunsaturated fatty acids (PUFA) intakes in Model 3. Statistical significance was set at P < 0.05.
Results
Demographic characteristics, anthropometric measures and dietary pattern scores were compared between case and control groups ( Table 1) . Waist circumferences were significantly higher in RA patients, compared to those in controls (P < 0.001). Two dominant dietary patterns were detected. Healthy dietary pattern was rich in fishes, low-fat dairies, fruits, vegetables, olives and poultries and low in hydrogenated oils. Western dietary pattern was rich in sweet snacks, high-fat meats and meat byproducts, refined grains, high-fat dairies and salty snacks and low in whole grains (Table 2) . Factor loading scores are reported in Table 2 . Scores represent the contribution of each food group in the respected dietary pattern. Negative and positive signs indicate correlation directions. 
Discussion
The present case-control study showed that RA included a strong positive association with the Western dietary pattern and an inverse association with the healthy dietary pattern; however, the latter was significant only after performing adjustments for intakes of vitamin E, SFA and PUFA. The association between dietary patterns and RA has rarely been investigated. In contrast, previous studies mostly investigated associations between the diet components and RA. Ingredients of the healthy dietary pattern were inversely correlated with RA risk. Cerhan et al. in a 10-year prospective cohort study on women aged 55-69 years found that consumption of diets high in fruits and cruciferous vegetables and intake of supplemental zinc and antioxidants might prevent RA (22) . Pattison et al., following a nested case-control study, reported a positive association between the vitamin C intake and inflammatory polyarthritis (23) . Moreover, 10-year prospective cohort (24) and case-control (25) studies showed that consumption of ≥ 1 serving fish week -1 was associated to 20-29% decreases in RA risk, compared to that consumption of < 1 serving fish week -1 did. This decrease following the consumption of ≥ 1 serving fish week -1 was concordant with a lower risk of RA following the consumption of > 0.21 g ω-3-fatty acids day -1 (24) . Similarly, an inverse association was observed between the olive oils or cooked vegetables and RA risk in a case-control study in Greece (15) . Protections against RA development have been reported in regular consumptions of mushrooms, citrus fruits and dairy products (26) . Ingredients of the Western dietary pattern have been associated with RA risk. A positive association was observed between the consumption of red meats, meat byproducts and total proteins and the risk of inflammatory polyarthritis (IPA) (27) . Furthermore, ingredients of healthy and Western dietary patterns are correlated with RA activity. A case-control study showed a correlation between the monounsaturated fatty acids (MUFA) intake and suppression of RA activity (28) . Clinical trials have documented decreases in inflammatory responses and disease activities following sodium restriction (29) or ingestion of fish oil ω-3-fatty acids (30) . Despite the highlighted studies, associations between the diet and RA risk were not seen in a prospective cohort with a relatively short duration (5.3 years of follow-ups) and limited incident cases (31) . Similarly, a longer term (18 years) prospective cohort with a greater number of RA cases found no significant associations between the Mediterranean dietary pattern and RA risk; possibly due to the assessment of Mediterranean diet adherence by an unsuitable score, especially for the detection of between-individual variations for nuts and MUFA/SFA ratios (32) . Mechanisms of the beneficial effects of healthy diets against RA have partially been explained. By increasing ω-3/ω-6 ratio of the fatty acids in diets, production of pro-inflammatory is suppressed while production of anti-inflammatory eicosanoids is improved (33) . Moreover, ω-3-fatty acids at doses > 2.7 g day -1 for more than three months can decrease non-steroidal anti-inflammatory drug consumptions in patients;, as indicated by a meta-analysis of randomized controlled trials (34) . The antiinflammatory effects of fruits and vegetables are largely due to the high levels of antioxidants (35) and polyphenols (36) that block the induction of inflammatory cytokines by inhibiting the activation of nuclear factor kappa B (NF-κB) (35) . The protective effect of olive oil against RA has been suggested via prevention of metalloproteinase-3 and degradation of cartilage matrices (37) . Polyphenol extracts of the extra-virgin olive oil have been shown to inhibit c-Jun N-terminal kinase, p38 and signal transducer and activator of transcription-3 and to decrease NF-κB translocation, leading to downregulations of arthritic processes (38) . In contrast, the Western dietary pattern includes ingredients that instigate inflammatory processes. For example, the high SFA in Western dietary pattern activates toll-like receptor mediated inflammatory pathways through oxidative modifications of low-density lipoproteins (39) . Salt, another ingredient of the Western dietary pattern, enhances differentiation of interleukin-17 producing helper T-cells, which are responsible for the development of arthritis (29) . Whole grains in the healthy dietary pattern decrease inflammations (40, 41) , while sweets and refined grains in the Western dietary pattern causes high glycemic loads, leading to persistent hyperglycemia, production of advanced glycation products, insulin resistance and initiation of inflammatory cascade (42) (43) (44) . The positive association between the egg consumption and RA risk that is found in the current study has not been reported by the previous studies; however, current evidence indicate associations between the serum cholesterol and RA risk (45, 46) . This association might be a resultant of the inflammatory processes caused by high serum cholesterols (47) . However, the current study included strengths and limitations like most other studies. The case-control design of the study helped to detect associations between diets and RA. Detecting dietary patterns instead of assessing individual diet components was another strength which distinguished the present study from previous studies. However, the cross-sectional design of this study could not determine whether the diet was a trigger or a consequence of RA. It is worthy to use new cases of RA, an approach that allows studying roles of diets in development of the disease. There were also limitations with the FFQ method. For example, items questioned in the questionnaire were the most common foods consumed, but possibly other foods contributed to diets of people. Another limitation of the FFQ included its reliance on the participant recollection of the past year food consumption, which could result in erroneous dietary measurements.
Conclusion
In conclusion, results of this study showed a strong association between the RA and Western dietary patterns for the first time. Patients with RA were inclined towards Western dietary patterns, while healthy controls were not. Although a cause-effect correlation could not be concluded from this study, results suggest that educational efforts are necessary to rectify dietary habits in RA patients. Future studies seems necessary to investigate roles of dietary patterns in occurrence of rheumatoid arthritis.
